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The Doppler effect was described in 1842 by the Austrian physicist Christian Johann Doppler, but, its use in medicine, especially in echocardiography, did not begin until one hundred years later 1 . Only after the 1980s was Doppler echocardiography incorporated into routine diagnosis, significantly improving the method, through the access of valuable information about heart physiology, which was previously not available. The main contribution of this technique was to enable assessment of the direction, the sense, and the velocity in which the blood moves inside the heart and vessels and, therefore, making a significant contribution to the study of valvulopathies and congenital cardiopathies 1 . However, additional benefits concerning information about the assessment of global ventricular function and in the assessment of segmental function have not been widely discussed. Two-dimensional echocardiography enabled the study of the regional myocardial contractile function, and the performance of new procedures under physical or pharmacological stress, enhancing the sensitivity and specificity of the examinations of patients at rest. However, the interpretation of the segmental function in these tests can be limited by the learning curve, quality of imaging, and accuracy of the interpretation of the results 2 . Additionally, we cannot evaluate myocardial diastolic or relaxation function properly using only two-dimensional echocardiography. Tissue Doppler imaging, on the other hand, is a fairly new technique that allows assessing quantitatively, the velocity of myocardial movement, during systole and diastole 3 . The first studies of Doppler tissue imaging appeared in the late 1980s 4 , but the method increased in importance with studies in Edinburgh led by Sutherland et al 5 and Fleming et al 6 in 1994.
Basically, Doppler tissue imaging was developed based on the physical differences between moving blood and moving myocardium. The myocardium moves with substantially lower velocities (4 to 15cm/s versus 40 to 150cm/s of the blood flow) and produces signals with amplitudes hundred times greater than those of blood 7, 8 . Conventional Doppler uses high-pass filtering to reject the "noises" of low velocity and high amplitude, originating at the ventricular wall and, thereby, allowing the calculation of blood flow velocity. The replacement of this filter for another enables the acquisition of the myocardial signals and the instant calculation of the velocity of movement at any specific point of the cardiac muscle. This technique has been used to quantify the velocity of segmental movement of the ventricular myocardium, as well as, to study regional systolic and diastolic function 9 . The purpose of this study was to perform the analysis of the maximum velocity of contraction and relaxation of the several segments of the left ventricular myocardium in patients without cardiopathy, establishing their temporal correlation with the cardiac cycle.
Methods
Thirty-five healthy volunteers were prospectively studied. Ages ranged between 12 and 59 years (32.9±10.6), and 27 individuals were male. Individuals who had cardiac abnormalities on clinical, electrocardiographic, and echocardiographic examination were excluded. The studies were performed using commercially available pulsed Doppler systems GE-Vingmed model System V, with multifrequency transducers (1.5 a 3.6 MHz), and harmonics capitation and Doppler tissue imaging. After conventional transthoracic echocardiography, Doppler tissue imaging was performed using a 4-and 2-chamber view. We analyzed the basal, medial, and apical segments of the septal and lateral walls with a 4-chamber view and the same segments in the anterior and inferior walls with a 2-chamber view, with a total of 12 segments studied in each case ( fig. 1 ). The examinations were digitally stored (looping of a complete cardiac cycle) for later assessment of the peak velocity of contraction (peak systolic velocity) and relaxation (peak diastolic velocity) in each of the 12 segments. These velocities were obtained with a spectral tissue Doppler curve, placing the volume sample in each of the above-mentioned segments. We also determined elapsed time in milliseconds, from the R wave of the electrocardiogram in which these velocities occurred ( fig. 2) .
We calculated the mean peak systolic and diastolic velocities observed in the basal, medial, and apical regions of the lateral, septal, anterior, and inferior walls.
Statistical analysis was used to calculate the mean and standard deviation of all the variables studied. Comparison between the peak velocity (systolic and diastolic) observed in the different segments was performed with the Student's t test using a 5% significance level.
Results
Systolic and diastolic peak velocity means and standard deviation obtained from the 12 segments studied, as well as the mean velocity per region (basal, medial, and apical) are presented in table I.
The mean and standard deviation of the times in which maximal velocities of contraction and relaxation were recorded in relation to the peak of the R wave of the electrocardiogram are in table II.
The mean systolic and diastolic regional peak velocities (basal, medial, and apical) are in figure 2.
We observed that the maximum motion velocities of the left ventricle myocardial segments decreased from the bases to the ventricular apex, with proportionality between contraction and relaxation. The mean peak velocities during relaxation were significantly higher (P<0.05) than the mean peak systolic velocities, in a great number of the segments. That is, the maximum motion velocity of the left ventricular myocardium occurs during diastole, especially in the rapid The mean time for reaching maximum contraction velocity (systolic peak velocity) was 131.59 ms (±19.12ms) counting from the R wave of the electrocardiogram, whereas the peak diastolic velocity occurred, on average, at 459.18ms (±18.13ms), after the same electrical phenomenon always during the rapid ventricular filling phase (E wave of the mitral inflow).
The mean of the peak systolic regional velocities was significantly greater in the basal segments, in relation to that in the medial region (P<0.001), which, in turn, was significantly greater then that observed in the apical region (P<0.001).
Analysis of the mean of the maximum motion velocities of the myocardium in relation to the phases of the cardiac cycle ( fig. 4) demonstrates that these values were significantly greater in diastole than in systole in each region (P<0.001).
Discussion
Although the ejection fraction and fractional shortening express the ventricular performance with confidence, suitable assessment of the myocardium in the different phases of the cardiac cycle may help to better understand some pathologic conditions. Alterations in myocardial motion during the ventricular rapid filling phase is consi- 
Silva et al Myocardial contraction and relaxation velocities through Doppler
2 0 9 2 0 9 2 0 9 2 0 9 2 0 9 dered an early marker of cardiac commitment in hypertension 10 . Also, in the early stages of coronary disease, an increase may occur in the time of E wave deceleration in the mitral inflow, even though systolic function is preserved. Doppler tissue imaging can also demonstrate: alterations in ventricular relaxation, initially, in certain myocardial segments, preceding alterations in the global commitment of ventricular filling. Regional diastolic dysfunction may be, therefore, a very early indicator of ischemia 10 , but to recognize parameters alterations obtained with Doppler tissue imaging, it is necessary to know its normal values 11, 12 . Our study assessed, in healthy individuals, the maximum velocities of contraction and relaxation of the basal, medial, and apical segments of the lateral, septal, anterior, and inferior left ventricle walls. In addition, we established the time in which these velocities occurred in relation to the electrocardiogram in the population studied.
We observed that the maximum velocities of contraction and relaxation decreased from the base to the ventricular apex and that the maximum velocities of relaxation are significantly greater than the velocities of contraction, in the majority of myocardial segments.
Despite this, a limitation of this method is that it does not enhance the difference between the velocities observed in the apical and basal segments. Doppler tissue imaging, as with any type of Doppler, depends on the angle at which the ultrasound beam reflects, that is, the more parallel the beam is to the direction of the main displacement of the structure to be analyzed, the more accurate is the velocity measured measurement 13, 14 . The motion of the left ventricular myocardium is very complex. At least 3 types of fiber shortening occur, longitudinal, circumferential, and spiral, and the final motion results from these three. The resulting vector is generally directed to a site within the ventricular cavity, about 70% of the distance between the base and the apex ( fig. 5) . Therefore, the velocity vector of the mitral annulus region is that more parallel to the ultrasound beam considering the views we used (apical 4 and 2 chambers). In the apical region, the result of the motion is perpendicular to the ultrasound beam, significantly underestimating the velocity measured by Doppler tissue imaging. Thus, the measures performed in the apical region must be assessed carefully. They may be less accurate in absolute values in relation to those obtained in basal segments, but to compare the same individual in consecutive studies, either at rest or under stress, they can be used with acceptable confidence.
It is possible that this dependence on the angle explains the great amplitude of the standard deviation observed in the measures performed in the ventricular apical region.
Likewise, such restrictions in the velocity measures imposed by the angle of incidence of the ultrasound do not hinder the comparison between the velocities obtained in systole and diastole, because no angle variation occurs, in a certain segment, when comparing the 2 phases of the cardiac cycle. If we assume that the area of a section of the ventricular bases, near the mitral annulus, is much greater than the area of a section of the apical region, it makes sense that the contraction and relaxation of the base is more rapid than that of the apex. Otherwise, it would be difficult for the ventricle to fill and empty itself, which would be a contradiction.
Our study also shows that although the diastolic phase is longer than the systolic and therefore, mean myocardial motion velocity in diastole is less than in systole, because the myocardium travels the same space in the 2 phases, the same thing does not occur with the maximum motion velocity which, in our measures, always occurred during early filling, corresponding to the E wave of mitral inflow.
This suggests that diastolic distention caused by rapid atrial contraction is particularly important in the analysis of global diastolic function and that the active chemical phenomena that causes the ventricular contraction is not able to develop motion velocities comparable to those observed by the filling of the chamber, at least in relaxation conditions and normal distensibility.
The time in which the peak contraction and relaxation velocities occur in relation to the R wave is valid only to the mean cardiac frequency observed in our study (72.8±10.7 bpm) because the R-R interval varies, in inverse proportion, according to cardiac frequency.
In conclusion, Doppler tissue imaging is a technique that enables, with some facility, the access of important physiological information related to the contraction and relaxation velocity of the ventricular myocardium.
In healthy individuals, maximum left ventricular segment motion velocities decreased from the bases to the ventricular apex, with certain proportionality between contraction and relaxation. These velocities have values dependent on the angle of motion between the myocardial wall and the ultrasound beam. The knowledge of these variables may be useful in the study of diseases that compromise myocardial contractility regionally or diffusely. 
